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Objective: Osteoarthritis (OA) is a progressive joint disorder. To date, there is not effective medical
therapy. Joint distraction has given us hope for slowing down the OA progression. In this study, we
investigated the beneﬁts of joint distraction in OA rat model and the probable underlying mechanisms.
Methods: OA was induced in the right knee joint of rats through anterior cruciate ligament transaction
(ACLT) plus medial meniscus resection. The animals were randomized into three groups: two groups
were treated with an external ﬁxator for a subsequent 3 weeks, one with and one without joint
distraction; and one group without external ﬁxator as OA control. Serum interleukin-1b level was
evaluated by ELISA; cartilage quality was assessed by histology examinations (gross appearance,
Safranin-O/Fast green stain) and immunohistochemistry examinations (MMP13, Col X); subchondral
bone aberrant changes was analyzed by micro-CT and immunohistochemistry (Nestin, Osterix)
examinations.
Results: Characters of OA were present in the OA group, contrary to in general less severe damage after
distraction treatment: ﬁrstly, IL-1b level was signiﬁcantly decreased; secondly, cartilage degeneration
was attenuated with lower histologic damage scores and the lower percentage of MMP13 or Col X
positive chondrocytes; ﬁnally, subchondral bone abnormal change was attenuated, with reduced bone
mineral density (BMD) and bone volume/total tissue volume (BV/TV) and the number of Nestin or
Osterix positive cells in the subchondral bone.
Conclusion: In the present study, we demonstrated that joint distraction reduced the level of secondary
inﬂammation, cartilage degeneration and subchondral bone aberrant change, joint distraction may be a
strategy for slowing OA progression.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.o: G. Li, Key Laboratory for
l of Biomedical Sciences, Fac-
g, Hong Kong SAR, PR China.
K. Ho, Department of Ortho-
th Sciences and Lui Che Woo
e, The Chinese University of
ong SAR, PR China.
angli@cuhk.edu.hk (G. Li).
ript.
ternational. Published by Elsevier LIntroduction
Osteoarthritis (OA) is a progressive joint disorder characterized
by cartilage degeneration, changes in subchondral bone and sec-
ondary synovial joint inﬂammation. Clinical characteristics of OA
comprise of pain, stiffness, and functional disabilities1e3. Current
pharmacological therapy for OA is ineffective at alteration or
slowing down the disease progression. Many patients resorted to
receiving a total joint arthroplasty at the later stages of their disease
and this incident is expected to rise with the advancing age of thetd. All rights reserved.
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joint arthroplasty in their 60's and 70's with a high probability that
the survivorship of the implants will outlast the life expectancy of
the patient. However, there is an increasing trend inwhich over 40%
of all knee replacements and up to 44% of all total knee revisions are
performed in patients&65 years of age5. An alternative strategy is
needed in this group of patent who are activewith high expectation
and high physical demand.
Clinically, joint distraction therapy for OA have given us hope for
slowing down the progression of OA and enable intrinsic joint
tissue repair by supposedly correcting the proper biochemical and
biomechanical joint homeostasis6. The principle of joint distraction
is a surgical procedure by which two joint surfaces are gradually
separated to a certain extent by an external ﬁxator frame for a
limited period of time. During this process, further wear and tear of
the affected joint is preserved by mechanical unloading7. To this
date, there have been a few clinical studies for the treatment of OA
knee with joint distraction8e13. In all these studies, they have
demonstrated that the joint space width (JSW) on weight-bearing
X-rays had increased after treatment. In a few studies they have
also performed arthroscopic evaluation8,9,12 and/or MRI evalua-
tion9,10,12 to showed cartilage repair after the joint distraction
therapy. Intema et al.10 analyzed biochemical markers for collagen
type II turnover and showed an increase of synthesis over release,
suggesting that the hyaline nature of the newly formed tissue.
However, analyses for changes in subchondral bone or secondary
inﬂammation were not performed in all these studies. Moreover,
these studies can only provide an indirect measure of the repair
process by way of imaging data or surrogate markers. Therefore,
animal studies are needed to evaluate tissue repair directly and in
more detail.
In animal studies, several rabbit models have demonstrated the
superior repair capacity of joint tissues upon joint distraction14e17.
But these studies did not measure the changes in subchondral bone
or secondary inﬂammation after treatment. In larger animal model,
joint distraction in the canine anterior cruciate ligament trans-
action (ACLT)-model of OA for 8 weeks resulted in decreased sy-
novial inﬂammation and normalization of the cartilage matrix
turnover as observed directly after treatment18. Recently, Wiegant
et al.19 reported that they used joint distraction to treat the canine
Groove model of OA. In their study the frame was removed at 25
weeks and the subsequent evaluated by histology and biochemistry
showed that there was evident of cartilage tissue repair. The re-
searchers have focused mainly on the changes to the articular hy-
aline cartilage after joint distraction, few reports on the secondary
inﬂammation in OA progression and subchondral bone remodeling.
In the present research we used a rat anterior cruciate ligament
transaction plusmedial meniscus resection (ACLTþMMx)model of
OA to study beneﬁts of joint distraction. We focus on secondary
inﬂammation, cartilage degeneration and changes in subchondral
bone, which are known as the characteristic changes of OA. We
have also investigated the possible mechanisms of this novel
treatment.
Materials and methods
Animal surgery
All experiments were approved by the Animal Research Ethics
Committee at the Chinese University of Hong Kong. A set of 16-
week-old male SpragueeDawley rats, weighting 450e500 g were
used in this study. In order to create a post-traumatic OA model, all
of these rats were subjected to an anterior cruciate ligament
transaction plus medial meniscus resection (ACLT þ MMx)20. In
brief, each rat was anesthetized with a solution of 0.2% (vol/vol)xylazine and 1% (vol/vol) ketamine in PBS, and, after being shaved
and disinfected, the right knee joint was exposed through a medial
parapatellar approach. The patella was dislocated laterally and the
knee placed in full ﬂexion followed by ACL and MCL transection
with micro-scissors and resection of the medial meniscus. The
surgical incisions were then sutured sequentially.
After 3 weeks of unrestricted activity, these subjects would have
display pathological changes consistent with post-traumatic OA21.
They were then randomly divided into three groups (n¼ 5 each). In
the Distraction group, knee joint was distracted for 3 weeks with
the use of an external ﬁxator frame. The distraction distancewas set
at 1 mm. The Fixation group, rats all received an identical external
ﬁxator at the knee over the same period of time, but without any
distraction. The OA group received no additional treatment to act as
the OA control group. In accordance with our animal ethics proto-
col, all of the animal surgical procedures were performed under
general anesthesia and analgesic medication.
Joint distraction procedure
We designed a special external ﬁxation frame [Fig. 1(a)] for the
purpose of this experiment. The frame consists of pins, connection
junction and the distraction rig. A total of three pins (1.2 mm in
diameter) were manually drilled into the medial side of the knee
joint; the proximal pin was ﬁxed onto the medial femoral epi-
condyle. The other two pins were ﬁxed onto the proximal tibia
using a special 3-point template. Finally, a custom-made external
ﬁxation rig was fastened onto the pins. To ensure the ﬂexion and
extension of the knee joint, a cannula (1.3 mm in internal diameter)
was placed between the proximal pins and the frame. In the
Distraction group, the joint space was widened for 1 mm by the
external ﬁxator. We have used the radiography of the contralateral
knee as reference [Fig. 1(e)]. Active and passive range of motion
(ROM) of the knee joint was observed after the surgery [Fig. 1(b)
and (c)]. In the Fixation group, the external ﬁxator was mounted
with the knee in extension without distraction. We have used the
radiography before and after the application of the external ﬁxator
to check the knee joint space to make sure the distraction was
applied properly. All of the animals were allowed to move freely
during this study.
Digital radiographs
Joint space was monitored using the digital X-ray (MX-20,
Faxitron X-Ray Corp., Wheeling, IL, US) under an exposure time of
6000 ms and a voltage of 32 kV. Change in joint space was
measured using a calliper on radiograph by two assessors and the
average of the measurements was used.
Blood collection and serum analysis
5 ml blood sample was collected by cardiac puncture immedi-
ately after the animals were killed. The blood sample was then
centrifuged at 1,800 g for 10 min. The resultant sera were then
stored at 80C until analysis. We have used interleuken-1 b as a
marker for active inﬂammation and the levels weremeasured using
the IL-1 b ELISA kit according to themanufacturer's instructions (IL-
1 b Elisa kit, lot: EK0393 Boster, USA).
Micro-computed tomography (mCT)
The structural changewithin the subchondral bone in ourmodel
was quantitatively assessed using mCT. At the end of the study, the
rats' knees were extracted and dissected without any soft tissue
attachment. The specimens were then ﬁxed in 10% formalin before
Fig. 1. The joint distraction device helps enlarging the knee joint space. (a) Custom-made external ﬁxator. The external ﬁxator could be lengthened. (b and c) After frame
ﬁxation, passive ROM of ﬂexion and extension were recorded. (d) Animal with the external ﬁxator, the frame was ﬁxed in the medial side of the knee joint. (e) X-ray examination
showed that knee joint space was maintained similar as the contralateral knee in the ﬁxation group and the distraction group. The OA group was a negative control. The knee JSW
(red arrow) was signiﬁcantly enlarged in the distraction group compared to the ﬁxation group and the OA group. (f) ELISA assay showed the IL1-b level in serum in the joint
distraction group signiﬁcantly reduced compared to the ﬁxation group and OA group (Dot plot of ELISA result showed mean and 95% CI., n ¼ 5 per group; *P < 0.05: the distraction
group compared to the OA group; #P < 0.05: the ﬁxation group compared to the OA group).
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sersdorf, Switzerland) at custom isotropic resolution of 8 mm iso-
metric voxel size with a voltage of 70 kV p and a current of 114 mA.
Three dimensional (3-D) reconstructions of mineralized tissues
were performed by an application of a global threshold (165 mg
hydroxyapatite/cm3), and a Gaussian ﬁlter (sigma ¼ 0.8,
support ¼ 2) was used to suppress noise. Sagittal images of the
tibiae subchondral bone were used to perform 3D histomorpho-
metric analysis. We deﬁned the region of interest to cover the
whole subchondral bone medial compartment, and used a total of
eight consecutive images from the medial tibial plateau for 3D
reconstruction and analysis. After 3D reconstruction, bone mineral
density (BMD) and bone volume/total tissue volume (BV/TV) were
calculated using built-in software22.Histology and immunohistochemistry
The bones including the knee joints were initially ﬁxed in 10%
formalin for 48 h and followed by decalciﬁcation in 10% EDTA so-
lution for 21 days and embedded into parafﬁn. Serial 5 mm thick
sagittal-oriented sections of the knee joint (medial compartment)
were cut at intervals of 0 mm, 100 mm, and 200 mm before mounted
onto glass slides23. These sections were stained with Safranin-O/
fast green. Cartilage degradation was quantiﬁed according to
Osteoarthritis Research Society International (OARSI) scores24.
Three independent observers, who were blinded to the experi-
mental groups, scored the sections. Immunostaining was per-
formed using a standard protocol as previously reported. We
incubated sections with primary antibodies to rabbit nestin
(Sigma., 1:300, N5413), osterix (Abcam, 1:600, ab22552), MMP13
(Abcam, 1:50, ab3208) and collagen X (Abcam, 1:80, ab58632)
overnight at 4C. For immunohistochemical staining, a horse radish
peroxidaseestreptavidin detection system (Dako, USA) was sub-
sequently used, followed by counterstaining with hematoxylin.
Photographs of the selected areas were taken by light microscope
(LEICA DMRB, Leica Cambridge Ltd., UK).We counted the number ofpositively stained cells in the whole tibia cartilage or subchondral
bone area per specimen in three sequential sections (0 mm,100 mm,
and 200 mm) per rat in each group, and compared the difference
statistically.
Statistical analysis
In accordance with the ARRIVE guidelines25, we have reported
measures of precision, conﬁdence, and n to provide an indication of
signiﬁcance. All statistical analyses were performed using the sta-
tistical software SPSS15.0. The data were analyzed via one-way
ANOVA. The assumptions of the analysis were assessed by the
ShapiroeWilk test of normality and Levene's test for homogeneity
of variance. The result of Levene's test was used to determine the
post hoc testing strategy. If not signiﬁcant, LSD-t post hoc test was
employed. If Levene's test was signiﬁcant, the ANOVAwas followed
by Dunnett's T3 post hoc test for unequal variance. Values of
P < 0.05 were considered signiﬁcant. Data were reported as mean
and 95% CI (conﬁdence interval). The graphs were generated in
GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA).
Results
Joint distraction enlarged the knee joint space
X-ray result of knee joint showed that joint space was signiﬁ-
cantly enlarged in the joint distraction group compared with that in
the Fixation group or the OA group [Fig. 1(e)].
Joint distraction down-regulated IL-1b level in serum of rat OA
model
The level of serum IL-1b in the joint distraction group was
65.41 pg/ml, 43.95e71.86 pg/ml, (n ¼ 5); which was signiﬁcantly
reduced compared to that of the ﬁxation group [91.67 pg/ml,
70.95e112.39 pg/ml, n ¼ 5, P ¼ 0.055(the distraction group
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OA group [125.96 pg/ml, 107.01e144.92 pg/ml, P < 0.001(the
distraction group compared to the OA group), one-way ANOVA,
Fig. 1(f)].Joint distraction attenuated cartilage degeneration
The gross macroscopic observation showed that in the OA
group, the dissected specimens had rough articular cartilage sur-
faces and signiﬁcant osteophyte formation at the intercondylar
notch and at the periphery of the joint. In the distraction group, the
amount of cartilage damage was much less pronounced. The
articular surface of the femoral condyles was relatively smooth and
therewas no evident of osteophyte formation. In the ﬁxation group,
the severity of degenerative changes was at somewhere between
the OA and distraction group [Fig. 2(a)].
Similarly, Safranin-O/fast green staining showed that there were
signiﬁcantly more degenerative features in the ﬁxation and OA
groups compared to the joint distraction group [Fig. 2(b)]. OARSI
scores in both the ﬁxation and OA groups reﬂected severe cartilage
degeneration (12.6, 6.47e18.72 and 14.4, 11.28e17.52, n ¼ 5,
respectively), whereas cartilage degeneration in the distraction
group was signiﬁcantly less [6.8, 2.07e10.43, n ¼ 5, P ¼ 0.023(the
distraction group compared to the ﬁxation group) andFig. 2. Joint distraction attenuated articular cartilage degeneration in rat OA model. (a)
OA group, the medial condyle of the distal femur showed rough joint surface and exhibited o
femoral condyles showed relatively smooth and did not ﬁnd osteophyte formation; and
degeneration and small amount of osteophyte formation; (b) Safranin O and fast green stain
group, Fixation group and OA group. Scale bar, 800 mm (in top), 200 mm (in bottom). (d) T
followed by ﬁxation and joint distraction groups. (c) Immunohistochemical and (e, f) quan
chondrocytes (brown) in articular cartilage showed that joint distraction group signiﬁca
drocytes compared to the other two groups. Scale bars, 100 mm n ¼ 5 per group. *P < 0.05: th
to the OA group.P ¼ 0.005(the distraction group compared to the OA group),
respectively, one-way ANOVA, Fig. 2(d)].
Moreover, the percentages of MMP13þ chondrocytes were
signiﬁcantly lower in the distraction group (28.16, 14.88e29.76,
n ¼ 5) than the ﬁxation group (48.4, 41.52e55.28, n ¼ 5,
P ¼ 0.005(the distraction group compared to the ﬁxation group),
one-way ANOVA) or the OA group [61.94, 55.31e68.58, n ¼ 5,
P < 0.001(the distraction group compared to the OA group), one-
way ANOVA, Fig. 2(c) and (e)]. Likewise, the percentages of type
X collagen positive chondrocytes in the distraction group (31.81,
24.57e39.05, n ¼ 5) were statistically lower compared to the ﬁxa-
tion group (53.17, 43.62e62.72 n ¼ 5, P < 0.001(the distraction
group compared to the ﬁxation group), one-way ANOVA) and OA
group [67.62, 62.38e72.86 n ¼ 5, P < 0.001(the distraction group
compared to the OA group), one-way ANOVA, Fig. 2(c) and (f)].Joint distraction reduced abnormal bone remodeling in subchondral
bone areas
The 3D reconstructed images of mCT showed that the micro-
architecture of the subchondral bone had signiﬁcantly changed in
the joint distraction group comparing to the OA group. BMD in the
distraction group (514.6 mg/cm3, 505.68e523.51 mg/cm3, n ¼ 5)
had signiﬁcantly decreased than that of the ﬁxation groupGross appearance of femoral condyles in the distraction, ﬁxation and OA groups. In the
steophyte formation at the intercondylar space; in the distraction group, joint surface of
in the ﬁxation group the joint surface of femoral condyles showed some degree of
ing of sagittal sections of the subchondral tibia medial compartment in the Distraction
he OARSI scores showed that cartilage degeneration was most sever in the OA group,
titative analysis of the percentages of MMP13þ and type X collagen (COL X)-positive
ntly reduced the numbers of MMP13þ and type X collagen (COL X)-positive chon-
e distraction group compared to the OA group; #P < 0.05: the ﬁxation group compared
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distraction group compared to the ﬁxation group), one-way
ANOVA) and the OA group (538.37 mg/cm3, 523.87e552.87 mg/
cm3, n ¼ 5, P ¼ 0.002(the distraction group compared to the OA
group), one-way ANOVA). Similarly, BV/TV had distinctly down
regulated in the distraction group (0.28, 0.24e0.4, n ¼ 5) than that
of ﬁxation group (0.35, 0.27e0.37, n ¼ 5, P ¼ 0.16(the distraction
group compared to the ﬁxation group), one-way ANOVA) or the OA
group (0.56, 0.54e0.63, n ¼ 5, P < 0.001(the distraction group
compared to the OA group), one-way ANOVA, Fig. 3(a) and (b)).Fig. 3. Joint distraction reduced abnormal bone remodeling in subchondral bone in r
(sagittal view) of rats in the distraction group, ﬁxation group and OA group. Scale bar, 1 mm.
BMD and BV/TV in subchondral bone determined by mCT. n ¼ 5 per group. The results showe
OA or ﬁxation group comparing to joint distraction group. *P < 0.05: the distraction group
Nestin and Osterix positive cells (brown) in the tibial subchondral region. Joint distraction g
groups. Scale bars, 50 mm. *P < 0.05: the distraction group compared to the OA group; #PNotably, the result of immunohistochemistry staining with
Nestin, which was expressed primarily in adult bone marrow
MSCs26,27, revealed a signiﬁcant decreased in the numbers of Nestin
positive cells in the subchondral bone marrow in the distraction
group (226.8, 191.5e262.1, n ¼ 5) compared to that in the ﬁxation
group (271, 187.92e377.68, n ¼ 5, P ¼ 0.15(the distraction group
compared to ﬁxation group), one-way ANOVA) or the OA group
(433.4, 397.45e540.15, n ¼ 5, P < 0.001(the distraction group
compared to OA group), one-way ANOVA). Once committed to the
osteoblast lineage, MSCs express Osterix, a marker ofat OA model. (a) 3D mCT images of the tibia subchondral bone medial compartment
(b) Quantitative analysis of structural parameters of subchondral bone by mCT analysis.
d that subchondral bone in the OA group had signiﬁcantly higher BMD and BV/TV in the
compared to the OA group. (ced) Immunohistochemical analysis and quantiﬁcation of
roup signiﬁcantly reduced Nestin and Osterix positive cells comparing to the other two
< 0.05: the ﬁxation group compared to the OA group.
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was also signiﬁcantly down regulated in the subchondral bone
marrow in the distraction group (242.2, 198.06e286.34, n ¼ 5)
compared to that in the ﬁxation group (332.2, 312.11e352.28, n¼ 5,
P ¼ 0.002(the distraction group compared to ﬁxation group), one-
way ANOVA) or the OA group [439.4, 378.55e500.25, n ¼ 5,
P < 0.001(the distraction group compared to OA group), one-way
ANOVA, Fig. 3(c) and (d)]. These results suggest that joint distrac-
tion would reduce abnormal bone remodeling/formation in the
subchondral areas, slowing down the progression of OA.
Discussion
Despite recent medical advancement in diagnosing degenera-
tive joint condition, to date there is no effective therapy that can
reverse or halt the progression of OA. The etiological of knee OA is
multifactorial with many contributing factors: degenerative, in-
ﬂammatory, traumatic, mechanical micro-fractures, etc. Aging,
joint injury and repetitive excessive joint loading are the well
accepted risk factors for OA28.
Joint injuries, which result in abnormal mechanical stress in
joint, dramatically increase the risk of OA, as high as more than 20-
fold29e38. An increasing evidences showed that joint biological
responses to mechanical injuries also play key roles in the onset
and progression of OA, including secondary inﬂammation, cartilage
degeneration and changes in subchondral bone remodeling28,39e43.
Joint distraction through reliving the abnormal mechanical stress
could gain long-term clinical beneﬁt for OA patient8e13. However,
the mechanisms behind this therapy are still poorly understood.
In the present study, we have used an ACLT þMMx OAmodel to
evaluate the effect of joint distraction on OA progression. This
model has beenwell accepted and used previously in many studies.
We found that joint distraction could reduce the level of secondary
inﬂammation, cartilage degeneration and subchondral bone aber-
rant change, unloading the knee joint that allows the cartilage
repair or slowing down OA progression. The mechanism is sup-
posedly due to joint distraction reliving the abnormal stress at the
joint, allow intrinsic cartilage tissue repair.
Inﬂammatory cytokine is a main regulator in OA42,44e52. Inter-
leukin-1b (IL-1b) is an inﬂammatory cytokine involves in lubricin
catabolism and cartilage degeneration45e47. The concentration of
stromal cell-derived-factor 1 (SDF-1) has also been related to
arthritis development48. The role of SDF-1 is to up-regulate matrix
metalloproteinase-13 (MMP-13)49 and accelerate the breakdown of
type II collagen and proteoglycans50. Wang et al. indicated that high
ﬂuid shear stress induces pro-inﬂammatory cytokines PICs and
MMPs production via cyclooxygenase-2 (COX-2)-derived prosta-
glandin PGE2 at the early stage of OA51. In a study using cartilage
and synovial ﬂuid mononuclear cells collected from OA patient,
under intermittent ﬂuid pressure, the expression of catabolic cy-
tokines interleukin 1 and tumor necrosis factor-alpha is propor-
tional to the amount of pressure applied, indicating that
mechanical stress plays an important role in inﬂammatory cell
regulation52. Wei et al. demonstrated that inﬂammatory factors like
SDF-1, IL1b and MMP13 were signiﬁcantly increased in a rat OA
model42. In this present study, we found that applying joint
distraction signiﬁcantly reduces the level of IL1b compared to the
ﬁxation group and OA control group. One possible mechanismwas
by relieving the abnormal mechanical stress in the knee joint,
which leads to a down-regulation of the inﬂammatory factors.
Preclinical and clinical studies of OA have focused largely on
articular cartilage degenerative changes28,40,41,53e57. Recently, re-
searches have shown that the mechanical stress plays an impor-
tance role in OA development28,40,41,56. In vitro studies have
demonstrated that acute articular surface impact causes release ofreactive oxygen species that lead to chondrocyte cell death40,56.
Using anti-oxidant N-acetyl-cysteine within 4 h of injury reduced
acute chondrocyte cell death by 50%, and prevented longer-term
proteoglycan losses56. Another research shows that impact injury
also leads to release of proteolytic fragments of ﬁbronectin and of
type II collagen that induce aggressive chondrolysis with a degree
of potency similar to that of pro-inﬂammatory cytokines41. A recent
study shows that mechanical stress would stimulate the expression
and release of nerve growth factor (NGF) in chondrocytes, sug-
gesting increased mechanical loading in OA joint may mediate OA
pain57. In vivo studies have showed that abnormal mechanical
stress in knee joint would lead to cartilage degeneration and
overexpression of cartilage degradationmarkers such asMMP 13 or
collagen type X (COL X) in chondrocyte21,42,43. In present study, we
found that joint distraction would attenuate articular cartilage
degeneration in rat OA model; the expression of MMP13 and COL X
is dramatically decreased, suggesting that joint distraction would
help the chondrocytes in the OA knee to regain their metabolic
homeostasis.
The homeostasis and integrity of articular cartilage rely on its
biochemical and biomechanical interplay with subchondral bone.
The change of subchondral bone plays an importance role in OA
progression. Clinically, the characteristics of OA are osteophyte
formation, subchondral bone sclerosis, disruption of the tidemark
accompanied by angiogenesis at the osteochondral junction and
articular cartilage degeneration58. Further, bonemarrow lesions are
closely associatedwith pain and have been implicated to predict the
severity of cartilage damage in OA59. Recently, several studies
indicate that aberrantmechanical stress plays a role in the change of
subchondral bone during OA development43,60. Zhen and his col-
leagues demonstrated that in response to abnormal mechanical
loading in an OA mouse model, the transforming growth factor b1
(TGF-b1) was activated in subchondral bone. Higher concentrations
of TGF-b1 induced formation of Nestinþ mesenchymal stem cells
(MSCs) clusters, leading to formation of marrow osteoid islets
accompanied by high levels of angiogenesis43. Another study in rat
OA model showed that mechanical stress/instability would lead to
subchondral stress-induced bone resorption and bone cysts,
contributed to OA development60. The present ﬁndings shows that
joint distraction would reduce abnormal bone remodeling in sub-
chondral bone in the rat OA model. In the present study, we also
found that in the ﬁxation group the level of abnormal subchondral
bone, secondary inﬂammation or cartilage degeneration were all
reduced comparing to that of the OA group; we speculated that the
external ﬁxator appliedwould, to some extent, relieve the abnormal
mechanical stress at the knee joint and allow the cartilage recover.
There are limitations in this study. Because the rat has small
knee joint and very little synovial ﬂuid, we were unable to collect
synovial ﬂuid and test the inﬂammatory cytokines in the current
study. Instead we test the IL-1b level in serum as an indicator for
inﬂammation. Future research should consider using larger animal
like rabbit or dog and design collection of synovial ﬂuid and serum
at multiple time points to test inﬂammatory cytokines.
In conclusion, we demonstrated that in rat OA model joint
distraction reduces the level of secondary inﬂammation, cartilage
degeneration and subchondral bone aberrant changes, allow the
recovery of knee cartilage and slowing down the OA progression.
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